This study tested the hypothesis that a personality disposition defined by a strong sense of coherence is associated with a reduced risk of mortality. The authors prospectively examined, for ≤6 years, the relation between a strong sense of coherence and mortality due to all causes, cardiovascular disease, and cancer among 20,579 participants aged 41-80 years from the European Prospective Investigation into Cancer (EPIC)-Norfolk Study in the United Kingdom. Data were collected in 1996-2002. Participants were recruited by post from general practice age-sex registers and subsequently completed a postal assessment of their sense of coherence. During follow-up, 1,024 deaths were recorded. A strong sense of coherence was associated with a 30% reduction in mortality from all causes (rate ratio = 0.69, p < 0.0001), cardiovascular disease (rate ratio = 0.70, p = 0.001), and cancer (rate ratio = 0.74, p = 0.003), independent of age, sex, and prevalent chronic disease. These associations were consistent by sex, except that no association was observed for cancer mortality in women. The association for all-cause mortality remained after adjustment for cigarette smoking history, social class, body mass index, systolic blood pressure, cholesterol, hostility, and neuroticism (rate ratio = 0.76, p = 0.002). Results suggest that a strong sense of coherence may confer some resilience to the risk of chronic disease.
Understanding of whether the association between chronic disease and mortality risk is influenced by personality is limited and controversial (1) (2) (3) . Although research has considered a diverse range of personality dispositions, including emotional distress (4), emotional control (5), neuroticism (6) , and submissiveness (7), most studies have focused on the role of negative emotions in chronic disease, for example, reporting evidence of an association between measures of hostility (or an angry temperament) and incident physical disease and all-cause mortality (8, 9) . In marked contrast to the pathogenic orientation concerned with negative emotions and health outcomes, a model proposed by Antonovsky (10) focuses on personality dispositions that promote health rather than contribute to disease causation; the model was formulated partly by studying survivors of the Holocaust and their subsequent adaptation to the experiences endured.
Sense of coherence (SOC) was defined by Antonovsky (10) as representing the salutogenic resources available to individuals. These resources, when strong, include the belief that what happens in their lives is rational, predictable, structured, and understandable (comprehensibility); that adequate and sufficient resources are perceived to be available to help resolve difficulties as they arise (manageability); and that the demands created by exposure to adversity are seen as challenges and are worthy of engagement (meaningfulness). SOC is hypothesized to be a stable personality disposition that serves as a major coping resource for preserving health. Empirical testing of Antonovsky's salutogenic model has been restricted almost entirely to cross-sectional research designs (11, 12) , with no previous known test in relation to mortality. Findings based on prospective cohort studies of initially healthy populations are considered to provide the most appropriate observational research design for addressing questions concerned with the etiologic and prognostic importance of personality dispositions for chronic disease outcomes (13) . We tested the hypothesis that a strong SOC is associated prospectively with a reduced risk of mortality in a large, community-dwelling population.
MATERIALS AND METHODS

Participants and measures
During 1993-1997, 30,414 men and women (then) aged 40-74 years and residing in Norfolk, United Kingdom, were recruited for the European Prospective Investigation into Cancer (EPIC)-Norfolk population study by using general practice age-sex registers (14, 15) . As part of a baseline questionnaire survey, all participants were asked to provide details about their medical history, including whether a physician had ever confirmed to them a diagnosis of any of a range of conditions that included cancer, diabetes, heart attack, and stroke. Current and lifetime smoking behavior was also assessed. A health check was attended by 25,637 participants and included assessments of height, weight, blood pressure, and blood lipids (14) . During 1996-2000, an assessment of social and psychological circumstances, based on the Health and Life Experiences Questionnaire (HLEQ) (16) , was completed by 20,921 participants, representing a response rate of 73.2 percent of the total eligible EPIC-Norfolk sample (n = 28,582). The HLEQ instrument included a three-item SOC questionnaire developed in Sweden (17, 18) and designed to assess each of the component constructs (comprehensibility, manageability, and meaningfulness) by single questions (refer to the Appendix). Completed scores for the SOC scale were available for 20,579 (98.4 percent of all) EPIC-Norfolk HLEQ participants. Of the HLEQ sample, 18,248 persons had attended the health check.
Participant response choices were yes, usually (scored 0); yes, sometimes (scored 1); and no (scored 2). Following reverse scoring for comprehensibility, all items were summed to provide a total SOC scale score in the range of 0-6; a higher score represents a weaker SOC. As part of the HLEQ assessment, participants also completed a revised form of the Personality Deviance Scales (PDS-R) (19, 20) together with a measure of the personality trait neuroticism (21) . The PDS-R consists of eight items that assess hostile thoughts and acts, scored in the range of 1-4 and summed (range, 8-32); a low scale score indicates increased hostility. The neuroticism scale (range, 0-12; a high score represents increased neuroticism) is considered a marker for susceptibility to depression (22, 23 
Statistical analysis
The association between SOC as a binary variable based on a median split (strong: 0 or 1; weak: 2-6) and all-cause, cardiovascular, and cancer mortality was investigated through Poisson regression models, taking into account duration of follow-up (relative to time of HLEQ completion). In this paper, results are presented by sex as age-adjusted mortality rates per 1,000 person-years of follow-up and as rate ratios with progressive adjustments for age (in 5-year bands), prevalent physical disease, cigarette smoking history (current, former, never), and social class (I, II, III nonmanual, III manual, IV, and V), all as categorical variables. Where results are presented for men and women combined, additional adjustment was included for sex and age-sex interaction. Prevalent physical disease was defined to include cancer, stroke, diabetes mellitus, or previous myocardial infarction at EPICNorfolk baseline assessment. Subsequent analysis was restricted to all-cause mortality and was completed for men and women combined. Further adjustments were made for body mass index (weight in kilograms divided by height in meters squared), included as a categorical variable, and for systolic blood pressure (mmHg), serum total cholesterol (mmol/liter), hostility, and neuroticism, included as continuous variables. In addition, this paper presents adjusted associations between a strong SOC and all-cause mortality following exclusion of participants reporting prevalent physical disease at baseline and of all deaths occurring within 12 months of HLEQ completion, and separately within strata of age, smoking status, and social class. Adjusted survival rates for those with a strong and a weak SOC are presented by duration of follow-up (obtained from Cox regression), and adjusted rate ratios are given according to an increasing SOC score to evaluate existence of a dose-response relation.
RESULTS
Completed SOC scale scores were available for 20,579 (98.4 percent of all) EPIC-Norfolk HLEQ participants aged 41-80 years, including 8,974 men and 11,605 women. Of the sample, 41.9 percent reported a strong (score, 0 or 1) compared with a weak (score, 2-6) SOC. More men than women reported a strong SOC (47.6 percent vs. 37.4 percent, p < 0.0001). Table 1 shows variations in SOC by selected demographic and other factors and reveals that the percentage of participants reporting a strong SOC was greater for those aged 60-69 years and for former and never smokers and that there was a steep gradient according to social class, with just over twice as many participants in social class I versus social class V reporting a strong SOC. A strong SOC was powerfully associated with both decreased hostility and decreased neuroticism. Some evidence existed that SOC varied according to body mass index. No association was observed between SOC and prevalent physical disease, systolic blood pressure, or Table 2 shows age-adjusted mortality rates for those participants who reported a strong compared with a weak SOC and reveals that, for men and women combined, a strong SOC was associated with a 30 percent reduction in all-cause, cardiovascular, and cancer mortality. These associations were consistent by sex, except that no association was observed for cancer mortality in women. Table 3 shows rate ratios for a strong as opposed to a weak SOC after adjustment, first for age and prevalent physical disease, and second with further adjustment for social class and then cigarette smoking history. These results revealed only a modest attenuation in effect size, with significant associations indicating a 25 percent reduction in all-cause and cardiovascular mortality for those with a strong as opposed to a weak SOC. This magnitude of association corresponds to an attributable risk of 16 percent. An association between SOC and cancer mortality remained for men but not for women.
Further adjustment for body mass index, systolic blood pressure, cholesterol, hostility, and neuroticism (with these data available for a reduced sample of 16,668 of those participants who attended the health check, with 775 deaths) resulted in no further attenuation of the association between SOC and all-cause mortality (rate ratio = 0.76, 95 percent confidence interval: 0.64, 0.90). In addition, this association remained after exclusion of those participants reporting prevalent physical disease and of all deaths that occurred within 12 months of HLEQ completion (age-sex adjusted rate ratio = 0.68, 95 percent confidence interval: 0.58, 0.79). Table 4 shows adjusted associations for all-cause mortality within strata of age, cigarette smoking history, and social class. Although the association was generally consistent across all strata, it appeared marginally stronger for those participants who were smokers (or former smokers) and for those in lower social classes. Figure 1 shows adjusted survival rates for all-cause mortality for a strong and a weak SOC and confirms that the association was consistent across the follow-up period (and importantly was not restricted to the first few years of follow-up). Figure 2 shows adjusted associations for all-cause mortality by an increasingly strong SOC (defined by a progressively lower scale score). This figure reveals a dose-response relation such that increasing strength of SOC is associated with decreasing mortality.
DISCUSSION
Our results support the hypothesis that a strong SOC is associated with a reduced risk of all-cause mortality. These findings were consistent by sex and were shown to be independent of social class, cigarette smoking history, body mass index, blood pressure, cholesterol, hostility, and neuroticism. A strong SOC was also found to be associated with reduced mortality from cardiovascular causes and with reduced cancer mortality in men but not women.
Large-scale, prospective cohort studies evaluating the effect of personality dispositions on the risk of chronic disease and mortality are rare, reflecting in part the challenge (25) of prospective studies examining the role of hostility in coronary heart disease identified only six healthy cohort studies (with a combined population of ≈8,300 participants) that had been subsequently flagged for "hard" endpoints. Therefore, data limitations ensure that formal prospective ascertainment of the association between personality dispositions and chronic disease outcomes remains clouded by extreme uncertainties. These limitations arise typically from combinations of study design factors that include inadequate statistical power to achieve objectives, restricted follow-up or incomplete endpoint ascertainment (providing reduced capacity to evaluate consistency of relations according to other factors of interest), and failing (or being unable) to adjust adequately for known relevant risk factors (e.g., cigarette smoking behavior), leading to residual confounding.
We are aware of only one prospective study (26) that examined whether a strong SOC had a salutogenic effect in terms of being associated with a reduced risk of chronic disease incidence. This study involved subgroups of employed male participants (aged 40-55 years) of the Helsinki Heart Study (a secondary analysis using data from a placebo-controlled, double-blind, primary prevention trial) and concluded that a strong (or intermediate) SOC promotes health, but only in white-collar workers. The study design, its restriction to coronary heart disease morbidity and to employed middle-aged men, and the 5-year interval between baseline clinical screening and psychosocial assessments limit opportunity for comparing findings with our own results. Other work (27) , based on a random sample of the total Finnish population aged 15-64 years reassessed after an interval of 4 years, has shown strong SOC (defined according to a modified version of the original SOC-29 questionnaire) to be significantly associated with future subjective health, following adjustment for initial (subjective) health and other factors.
The EPIC-Norfolk HLEQ cohort size, our capacity to adjust for traditional mortality risk factors and for chronic disease prevalent at baseline, together with validated complete prospective ascertainment of deaths by cause provided a unique opportunity to test and confirm the core hypothesis that a strong SOC is associated with a reduced risk of all-cause mortality. This association was observed after adjustment for traditional mortality risk factors and was unaffected by exclusion of participants who had chronic disease at baseline and of deaths occurring during the first year immediately following personality assessment. In addition, the observed effect size was large, a 25 percent reduction in all-cause mortality (after adjustment for traditional mortality risk factors), and corresponded to an attributable risk of 16 percent. The association was consistent by sex, was consistent by time since follow-up, was shown to conform to a dose-response relation, and was observed within strata of age, cigarette smoking history, and social class. The association was observed for mortality from cardiovascular diseases and mortality from cancer in men (but not women). Given their consistency and strength, these results may contribute to the debate as to whether psychosocial factors have yet achieved the status of risk factors for chronic disease (28, 29) .
Confirmation of our hypothesis that a strong SOC is associated with reduced mortality now requires further investigation to aid etiologic understanding of the relation. Included is establishing whether a strong SOC is associated with biologic, other lifestyle, or other social and psychological profiles that confer protection from chronic disease (and mortality). A recent study has suggested that participants reporting high SOC levels also report higher levels of selfesteem, greater control over their lives, greater optimism, and reduced negative affectivity (30) . Confounding of current emotional state with SOC may therefore have implications for the interpretation of our findings, given evidence that a history of affective disturbance is suspected to have a role in chronic disease etiology and mortality (31, 32) . However, in the current study, the association between SOC and mortality was not explicable in terms of either hostility or neuroticism. Future work will need to assess SOC in the context of other social and psychological factors for chronic disease and to consider the adverse effects of clustering of psychosocial factor exposures for chronic disease outcomes. This rationale builds on accumulating, but still very sparse evidence of clustering of psychosocial factors and of their combined effects, magnifying chronic disease risk beyond that of individual risk factor exposure-including impaired prognosis following cardiac events-and thus increasing the risk of incident disease and mortality (33) .
Growing recognition of the need for an integrated model of human developmental physiology that can assist thinking about how ontogenetic changes may mediate social, psychological, and environmental effects (34) has started to affect social epidemiology. A scientific consensus has been developing that insights into predisease pathways may result from knowledge gained from simultaneous assessment of measures of physiologic risk across multiple systems. Central to this consensus is that allostatic systems (e.g., the hypothalamic-pituitary-adrenal axis) act adaptively to challenge in order to maintain homeostasis and health (35) (36) (37) . A wide range of circumstances, including periods of sustained challenge, are considered sufficient to influence allostatic load, leading to an adverse impact on organ systems and initiating disease. System disruption may arise because of prolonged adverse exposures over the lifespan, experiencing chronic emotional states, prolonged social isolation (or prolonged exposure to critical social ties), practicing poor health behaviors, pathogenic personal dispositions, and living for extended periods in deprived environments. Preliminary results also suggest associations between allostatic load and measures of well-being, including environmental mastery, personal growth, and purpose in life (38) . Therefore, investigation of the relation between SOC and allostatic load may provide insights into whether and how SOC influences biologic systems that mediate health and illness.
Participants in this study were asked to complete a simplified three-item SOC measure (17) evaluated in a representative sample of the Swedish population aged 25-75 years. Inclusion of this measure helped limit participant burden and study costs. SOC was operationalized by Antonovsky (10, 39) initially as a 29-item questionnaire rated on seven-point semantic differential scales (subsequently shortened to a 13-item version), with factor analysis resulting in a single-factor solution. The designers of the simplified SOC measure reported satisfactory test-retest reliability (over a relatively short interval), that the measure appeared valid (because analysis of the three component items suggested a singlefactor solution representative of SOC), and that the relation between the simplified measure of SOC and other variables was similar to that reported for the measure operationalized by Antonovsky (39) . Although no known study has thus far been undertaken that contrasts (either of) the original scales with the simplified SOC scale used in this study, we consider this lack relatively unimportant. As some have noted (11) , other measures of SOC are required to advance understanding of this hypothesized generalized disposition and its relation to other constructs. We demonstrated strong predictive validity for the simplified SOC measure in relation to mortality. Its brevity will permit use in other large-scale prospective studies and consequently aid evaluation of the model proposed by Antonovsky (10) for a diverse range of health outcomes.
Future research will also need to advance understanding of the association between SOC and class and their combined effects on mortality. For example, in this cohort, the association was observed within strata of social class. Antonovsky (10) considered that SOC and social class would be related. He theorized that a strong SOC originating through favorable circumstances in early life would be preserved if relative advantages and opportunities were sustained into the third decade of life. It was expected that a positive class gradient in the prevalence of a strong SOC would differentially aid establishment of effective and adaptive strategies to cope with adverse experiences. Our results confirm this theorized class gradient; more than twice as many study participants in social class I versus class V reported a strong SOC.
Evaluation of the hypothesized role of SOC in moderating social adversity and the mediational model associating SOC (and other lifestyle behaviors, personal dispositions, affective disorder history, and social circumstances) with biologic disease mechanisms remains to be tested empirically (12) . Research efforts to achieve greater understanding of the "disability paradox" (40) and very recent developments in the emerging psychological science of strength and resilience, focused on positive human traits such as courage, optimism, and future-mindedness (41) , share a foundation with Antonovsky's ideas (10) . To our knowledge, this paper is the first formal test of the hypothesis that a strong SOC is associated with reduced mortality and, while leaving many questions unanswered, may aid further work devoted to this intriguing area of study.
